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(54) ELECTRIC DOUBLE LAYER 
CAPACITOR AND METHOD OF 
PRODUCING THE SAME 

o (57) Abstract: 

J *P>|- t PROBLEM TO BE SOLVED: To strengthen 
• v I — junction strength of an electrode to a collector by 

decreasing water in the electrode by forming a 
conductive adhesion layer of a hardened 
suspension containing an addition-polymerized 
imino group-containing compound as a binder 
component. 

SOLUTION: An addition-polymerized imido 
group-containing compound preferably includes 
polymaleimide expressed by formula I (where 
m«c-<) fn--n- - Ph -o-cs'j TT ; each of X and Y is independently hydrogen atom 

or monovalent organic group, Rl is m-valent 
organic group with two carbon atoms or more and 
m is integer from 1 to 10), a reactant of 
polymaleimido expressed by the formula I and 
diamine, and a reactant of polymaleimide 
expressed by the formula I and a dicyanate compound expressed by formula II (where - 
Ph- is phenylene group, R2 is single bond S, O, CH2, S02 a C(CH3)2). These 
compounds have excellent adhesion characteristics and becomes resins excellent in 
balance of heat resistance and mechanical strength, and corrosion resistance by addition- 
polymerization by thermosetting them. 



CLAIMS 



[Claim(s)] 

[Claim l]An electric double layer capacitor consisting of a hardened material of 
suspension in which said conductive glue line contains an addition condensation type 
imido group content compound as a binder component in an electric double layer 
capacitor characterized by comprising the following. 

An electrode body which joins an electrode which makes a carbon material a subject to a 
charge collector via a conductive glue line. 

Organic electrolysis liquid which forms an electric double layer in an interface with said 
electrode body. 

[Claim 2] A reactant of polymaleimide as which said imido group content compound is 

expressed in the formula 1, polymaleimide expressed with the formula 1, and diamine, 

And the electric double layer capacitor according to claim 1 which is one or more sorts 

chosen from a group which consists of a reactant with a JISHIANETO compound 

expressed with polymaleimide expressed with the formula 1, and the formula 2. 

[Formula 1] 
o 

xc— c x I 
o 

(However, X and Y are a hydrogen atom or a univalent organic group independently, 
respectively, R is an organic group of with a carbon numbers of two or more m value, 
and m is an integer of 2-10.) 
[Formula 2] 

N**C-0-Ph-R 2 -Ph-0-C**N ... Formula 2 (however, -Ph- is a phenylene group and R 2 
expresses a single bond, S, O, CH2, SO2, or C(CH3) 2.) 

[Claim 3]The electric double layer capacitor according to claim 1 or 2 with which 

fluorine-containing resin is contained as a binder as for said electrode. 

[Claim 4]The electric double layer capacitor according to claim 1, 2, or 3 whose solute of 

organic electrolysis liquid is quarternary ammonium salt or the 4th class phosphonium 

salt. 

[Claim 5]In a manufacturing method of an electric double layer capacitor characterized 
by comprising the following, A manufacturing method of an electric double layer 
capacitor joining to a charge collector via electroconductive glue which contains an 
addition condensation type imido group content compound as a binder component, and 
carrying out stoving above 200 ** after fabricating said electrode to a sheet shaped. 
An electrode body which joins an electrode which makes a carbon material a subject to a 
charge collector via a conductive glue line. 

Organic electrolysis liquid which forms an electric double layer in an interface with said 
electrode body. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to an electric double layer capacitor, 
especially the electric double layer capacitor excellent in working reliability. 
[0002] 

[Description of the Prior Art] The electric double layer capacitor makes it the principle to 
accumulate an electric charge in the electric double layer formed in the interface of an 
electrode and an electrolysis solution. 

In order to raise the capacity density of an electric double layer capacitor, the particles of 
carbon materials, such as activated carbon of high specific surface area and carbon black, 
metal, or conductive metallic oxide, etc. are used for an electrode. 
In order to perform charge and discharge efficiently, the electrode is joined to the small 
layer and foil of resistance of electron conductivity of metal, black lead, etc. which are 
called a charge collector. Stainless steel, such as valve metals, such as corrosion-resistant 
high ARUMIUMU, SUS304, and SUS316L, etc. are usually electrochemically used for 
the charge collector. 

[0003]Although there are what used organic electrolysis liquid as an electrolysis solution, 
and a thing using a drainage system electrolysis solution in an electric double layer 
capacitor, operating potential is high and the electric double layer capacitor using organic 
electrolysis liquid attracts attention at the point which can enlarge the energy density of a 
charging state. In order for moisture to electrolyze and to cause degradation of 
performance if moisture exists in the inside of an electric double layer capacitor when 
using organic electrolysis liquid, it is necessary to fully dry an electrode and the drying 
process heated under decompression is usually performed. 

[0004] Although activated carbon is mainly used for an electrode, since activated carbon 
is usually powdered, it mixes with the binder which contains fluorine-containing resin, 
such as polytetrafluoroethylene (henceforth PTFE), for example, and fabricates to a sheet 
like electrode, and using as an electrode body electrically connected to the charge 
collector is known. At this time, there are also many things joined via the conductive glue 
line so that an electrode and a charge collector may be stuck and electric contact 
resistance may become small. However, it is difficult for fluorine-containing resin for 
adhesion to have difficult character and to make bonding strength high. 
[0005]Since electrochemical corrosion resistance is needed for a conductive glue line, it 
is preferred that nonmetal system materials, such as carbon black and black lead, are 
included as a filler which gives electron conductivity. In order to secure bonding strength 
furthermore, various binder components are used for a conductive glue line. As this 
binder component, inorganic system binder components (JP,2-82608,A), such as resin 
(JP,59-3915,A, JP,62-200715,A), such as cellulose and polyvinyl alcohol, and water 
glass, and polyimide system resin (JP,9-270370,A) are known. 

[0006] However, since the tolerance over organic electrolysis liquid is insufficient when 
the electroconductive glue containing resin system binder components, such as cellulose 
and polyvinyl alcohol, is used, an electrode and a charge collector exfoliate easily. Since 
heat-resistant temperature is around 120 **, after a drying process is impossible at an 
elevated temperature and joining a charge collector to an electrode, it is fully hard to 
remove the residual moisture which is sticking to activated carbon, and the residual 
moisture electrolyzes and there is a problem of the performance of an organic solvent 
system electric double layer capacitor deteriorating. Inorganic system binders of heat 
resistance, such as water glass, are [ the bonding strength of the electrode of a high thing 



and a metal charge collector ] insufficient, and there is a problem from which the 
performance degradation of an electric double layer capacitor arises with elution and 
residual water of an alkali component. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention can solve the problem in the 
above-mentioned conventional technology, the moisture in an electrode can be lessened 
extremely, and the bonding strength of an electrode and a charge collector is strong, and 
aims at providing an electric double layer capacitor to which performance degradation 
cannot get up easily due to a charging and discharging cycle, and a manufacturing 
method for the same. 
[0008] 

[Means for Solving the Problem] In an electric double layer capacitor which has organic 
electrolysis liquid which forms an electric double layer in an interface of an electrode 
body by which this invention joins an electrode which makes a carbon material a subject 
to a charge collector via a conductive glue line, and said electrode body, Said conductive 
glue line provides an electric double layer capacitor consisting of a hardened material of 
suspension which contains an addition condensation type imido group content compound 
as a binder component, and a manufacturing method for the same. 

[0009]As an addition condensation type imido group content compound in this invention, 

a reactant of polymaleimide expressed with the formula 1, polymaleimide expressed with 

the formula 1, and diamine, a reactant with a JISHIANETO compound expressed with 

polymaleimide expressed with the formula 1 and the formula 2, etc. are preferred. These 

compounds are excellent in the adhesion characteristic, and by making it heat-harden, 

addition condensation of them is carried out and they serve as resin excellent in balance 

of heat resistance and a mechanical strength, and corrosion resistance. 

[0010] 

[Formula 3] 
o 




o 



[001 1] (However, X and Y are a hydrogen atom or a univalent organic group 
independently, respectively, R 1 is an organic group of with a carbon numbers of two or 
more m value, and m is an integer of 2-10.) 
[0012] 
[Formula 4] 

N**C-0-Ph-R 2 -Ph-0-C**N ... Formula 2[00 13] (However, -Ph- is a phenylene group and 
R 2 expresses a single bond, S, O, CH 2 , SO2, or C(CH 3 ) 2 .) 

[0014]In the polymaleimide expressed with the formula 1, if the example of an organic 
group expressed with -R 1 - is given, -Ph-, -Ph-CH 2 -Ph-, -Ph-O-Ph-, -Ph-S0 2 -Ph-, etc. will 
be mentioned. However, in this specification, -Ph- shows a phenylene group. 
[0015]Although X and Y are a hydrogen atom or a univalent organic group 
independently, respectively, the smaller one of the molecular weight is preferred at the 
point that crosslinking reaction advances easily, and it is preferred that X and Y are 
especially hydrogen atoms. In this invention, X or Y cannot use the polymaleimide which 
consists of halogen. For example, when X or Y is a chlorine atom, hydrogen chloride 



may occur and an electrode may be corroded, m is an integer of 2<=m<=10. 
[00 16] The following compounds will be mentioned if an example of polymaleimide 
expressed with the formula 1 is given. N,N'-ethylene bismaleimide, N,N'-hexamethylene 
bismaleimide, N,N'-(l,3-pnenylene) bismaleimide, N,N'-[l,3-(2-methylphenylene)] 
bismaleimide, N,N'-(l,4-phenylene) bismaleimide, bis(4-maleimide phenyl)methane, 
Bis(3-methyl-4-maleimide phenyl)methane, bis(4-maleimide phenyl)ether, A bis(4- 
maleimide phenyl) sulf one, a bis(4-maleimide phenyl) sulfide, bis(4-maleimide 
phenyl)ketone, bis(4-maleimide cyclohexyl)methane. 

[0017]l,4-bis(4-maleimide phenyl)cyclohexane, l,4-bis(maleimide methyl)cyclohexane, 

1.4- bis(maleimide methyl)benzene, l,3-bis(4-maleimide phenoxy)benzene, l,3-bis(3- 
maleimide phenoxy)benzene. 

[0018]Bis[4-(3-maleimide phenoxy) phenyl] methane, bis[4-(4-maleimide phenoxy) 
phenyl] methane, l,l-bis[4-(3-maleimide phenoxy) phenyl] ethane, l,l-bis[4-(4- 
maleimide phenoxy) phenyl] ethane, l,2-bis[4-(3-maleimide phenoxy) phenyl] ethane, 
l,2-bis[4-(4-maleimide phenoxy) phenyl] ethane, 2,2-bis[4-(3-maleimide phenoxy) 
phenyl] propane, 2,2-bis[4-(4-maleimide phenoxy) phenyl] propane, 2,2-bis[4-(3- 
maleimide phenoxy) phenyl] butane, 2,2-bis[4-(4-maleimide phenoxy) phenyl] butane, 
2,2-screw [4-(3-maleimide phenoxy) phenyl]- 1,1,1, 3, 3,3-hexafluoropropane, 2,2-screw 
[4-(4-maleimide phenoxy) phenyl]-l, 1,1, 3, 3,3-hexafluoropropane. 
[0019]4,4'-bis(3-maleimide phenoxy)biphenyl, 4,4'-bis(4-maleimide phenoxy)biphenyl, 
Bis[4-(3-maleimide phenoxy) phenyl] ketone, bis[4-(4-maleimide phenoxy) phenyl] 
ketone, A bis[4-(3-maleimide phenoxy) phenyl] sulfide, a bis[4-(4-maleimide phenoxy) 
phenyl] sulfide, A bis [4-(3-maleimide phenoxy) phenyl] sulfoxide, a bis[4-(4-maleimide 
phenoxy) phenyl] sulfoxide, a bis[4-(3-maleimide phenoxy) phenyl] sulfone, a bis[4-(4- 
maleimide phenoxy) phenyl] sulfone. 

[0020]Bis[4-(3-maleimide phenoxy) phenyl] ether, bis[4-(4-maleimide phenoxy) phenyl] 
ether, l,4-bis[4-(4-maleimide phenoxy)-alpha and alpha-dimethylbenzyl] benzene, 1,3- 
bis[4-(4-maleimide phenoxy)-alpha and alpha-dimethylbenzyl] benzene, l,4-bis[4-(3- 
maleimide phenoxy)-alpha and alpha-dimethylbenzyl] benzene, l,3-bis[4-(3-maleimide 
phenoxy)-alpha and alpha-dimethylbenzyl] benzene, l,4-bis[4-(4-maleimide phenoxy)- 

3.5- dimethyl- alpha and alpha-dimethylbenzyl] benzene, l,3-bis[4-(4-maleimide 
phenoxy)-3,5-dimethyl- alpha and alpha-dimethylbenzyl] benzene, l,4-bis[4-(3- 
maleimide phenoxy)-3,5-dimethyl- alpha and alpha-dimethylbenzyl] benzene, a 1,3- 
screw [4-(3-maleimide phenoxy)-3,5-dimethyl- alpha and alpha-dimethylbenzyl]. 
[0021]A compound expressed with the formula 3 can also be used. This polymaleimide 
compound is a polymaleimide compound produced by making carry out condensation 
and dehydration under an acid catalyst in polyamine and a maleic anhydride which are 
resultants with aniline, formaldehyde or alpha, and alpha'-dichloro-p-xylene. 
Polymaleimide illustrated above may be independent, or two or more sorts may be mixed 
and used for it. 

[0022] 
[Formula 5] 
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[0023] (However Z being a methylene group or p-xylylene group 0< r<=8.) 

[0024] The diamine made to react to the polymaleimide expressed with the formula 1 in 

this invention will not be limited especially if it is polymaleimide and diamine in which a 

reaction is possible. The following compound will be mentioned if a concrete example is 

given. 

[0025]Diethylenetriamine, triethylenetetramine, tetraethylenepentamine, 
Hexamethylenediamine, N-aminoethyl piperazine, a l,4-bis(aminopropyl)piperazine, 
Trimethyl hexamethylenediamine, a meta-phenylenediamine, a p phenylenediamine, 4,4'- 
diaminodiphenylmethane, 4,4'-diaminodiphenylpropane, 4,4'-diaminodiphenylethane, 
4,4'-diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone, Para (4- 
aminophenoxy) benzene, Metha- bis(4-aminophenoxy)benzene, 4,4'-diaminodiphenyl 
ether, A 4,4'-diamino diphenyl sulfide, 1,5-diaminonaphthalene, a 3,4'- 
diaminobenzanilide, 3,4'-diaminodiphenyl ether, 3,3'-dimethoxybenzidine, meta-xylylene 
diamine, PARAKI silylenediamine. These diamine may be independent, or two or more 
sorts may be mixed and it may be used. 

[0026] In this invention, a compound obtained by the reaction of the following [ reactant / 

of polymaleimide and diamine which are expressed with the formula 1 ] for example, is 

mentioned. 

[0027] 

[Formula 6] 
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[0028]Although JISHIANETO made to react to the polymaleimide expressed with the 
formula 1 in this invention is expressed with the formula 2, the following compound is 
mentioned as the example. 
[0029] 
[Formula 7] 

N**C-0-Ph-C(CH 3 ) 2 -Ph-0-C**N ... Formula 5 N**C-0-Ph-CH 2 -Ph-0-C**N ... 
Formula 6[0030]The compound obtained, for example by the following reaction as a 
reactant with the JISHIANETO compound expressed with the polymaleimide expressed 
with the formula 1 in this invention and the formula 2 is mentioned. 
[0031] 
[Formula 8] 
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[0032]The electroconductive glue for joining the electrode and charge collector in this 
invention is suspension which contains an above-mentioned addition condensation type 
imido group content compound as a binder component, and conductive powder is 
contained in order to give conductivity. Although there is a thing of a metal system and a 
nonmetallic system as conductive powder, since the powder of a metal system may make 
a local cell, it is preferred to use nonmetal system conductive powder. Since electric 
corrosion resistance is needed for conductive powder, especially use of carbon system 
materials, such as carbon black and black lead, is preferred. 

[0033]In order to improve wettability with resin used as a binder, and dispersibility, 
conductive powder may mix finishing agents, such as about 1% of the weight of fatty 
acid, and various silane coupling agents, to this powder, and may perform a surface 
treatment. In addition, additive agents, such as a leveling agent and a dispersing agent, 
may be added. 

[0034] As for the rate of the addition condensation type imido group content compound 
contained in a conductive glue line, in this invention, it is preferred that it is 10 to 70 % 
of the weight to the total amount of conductive powder and an addition condensation type 
imido group content compound. At less than 10 % of the weight, since the intensity of a 
glue line falls, and conductivity will fall rapidly if a good adhesive property is not 
acquired but it exceeds 70 % of the weight, it is not desirable. 20 to 60 % of the weight is 
especially preferred. 

[0035]In an electric double layer capacitor of this invention, since the heat resistance of a 
hardened material of an addition condensation type imido group content compound 
which is a binder component of a conductive glue line is high, also after joining a charge 
collector to an electrode, the dry removal of the moisture in activated carbon can be 
highly carried out by heating under an elevated temperature, or heat-treatment under 
decompression. The above-mentioned hardened material has the tolerance over organic 
electrolysis liquid, and adhesive strength to charge collectors, such as metal etc. of an 
electrode sheet which uses fluorine-containing resin as a binder, is also extremely 
excellent. For this reason, even if it repeats a charging and discharging cycle with large 
current density and impresses voltage over a long period of time, the operation 
performance is stable, and an increase in internal resistance of an electrode can also be 



made small. 

[0036]In order to join an electrode to a charge collector using electroconductive glue, an 
addition condensation type imido group content compound comes to hand as powder or a 
varnish, dissolves in a solvent, and uses as adhesives suspension which made this 
distribute carbon black and graphite particles highly as a conductive filler. Coating of 
these adhesives is carried out on the surface of a charge collector, they carry and stick by 
pressure an electrode sheet subsequently to this surface produced separately, and can join 
an electrode to a charge collector firmly by carrying out stoving under decompression 
further under a not less than 200 ** elevated temperature preferably. 
[0037]As the above-mentioned solvent, an addition condensation type imido group 
content compound can be dissolved, especially if it evaporates at a process which carries 
out stoving, it will not be limited, but various solvents can be used. Specifically N- 
methyl-2-pyrrolidone, dimethylformamide, Acetone, methyl ethyl ketone, a 
tetrahydrofuran, xylene, chloroform, toluene, dimethyl sulfoxide, cyclohexane, 
acetonitrile, dioxane, wood ether, etc. may be mentioned, these solvents may be 
independent, or two or more sorts may be mixed and they may be used. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to an electric double layer capacitor, 
especially the electric double layer capacitor excellent in working reliability. 



PRIOR ART 



[Description of the Prior Art] The electric double layer capacitor makes it the principle to 
accumulate an electric charge in the electric double layer formed in the interface of an 
electrode and an electrolysis solution. 

In order to raise the capacity density of an electric double layer capacitor, the particles of 
carbon materials, such as activated carbon of high specific surface area and carbon black, 
metal, or conductive metallic oxide, etc. are used for an electrode. 
In order to perform charge and discharge efficiently, the electrode is joined to the small 
layer and foil of resistance of electron conductivity of metal, black lead, etc. which are 
called a charge collector. Stainless steel, such as valve metals, such as corrosion-resistant 
high ARUMIUMU, SUS304, and SUS316L, etc. are usually electrochemically used for 
the charge collector. 

[0003]Although there are what used organic electrolysis liquid as an electrolysis solution, 
and a thing using a drainage system electrolysis solution in an electric double layer 
capacitor, operating potential is high and the electric double layer capacitor using organic 
electrolysis liquid attracts attention at the point which can enlarge the energy density of a 
charging state. In order for moisture to electrolyze and to cause degradation of 
performance if moisture exists in the inside of an electric double layer capacitor when 
using organic electrolysis liquid, it is necessary to fully dry an electrode and the drying 
process heated under decompression is usually performed. 

[0004] Although activated carbon is mainly used for an electrode, since activated carbon 
is usually powdered, it mixes with the binder which contains fluorine-containing resin, 
such as polytetrafluoroethylene (henceforth PTFE), for example, and fabricates to a sheet 



like electrode, and using as an electrode body electrically connected to the charge 
collector is known. At this time, there are also many things joined via the conductive glue 
line so that an electrode and a charge collector may be stuck and electric contact 
resistance may become small. However, it is difficult for fluorine-containing resin for 
adhesion to have difficult character and to make bonding strength high. 
[0005]Since electrochemical corrosion resistance is needed for a conductive glue line, it 
is preferred that nonmetal system materials, such as carbon black and black lead, are 
included as a filler which gives electron conductivity. In order to secure bonding strength 
furthermore, various binder components are used for a conductive glue line. As this 
binder component, inorganic system binder components (JP,2-82608,A), such as resin 
(JP,59-3915,A, JP,62-200715,A), such as cellulose and polyvinyl alcohol, and water 
glass, and polyimide system resin (JP,9-270370,A) are known. 

[0006] However, since the tolerance over organic electrolysis liquid is insufficient when 
the electroconductive glue containing resin system binder components, such as cellulose 
and polyvinyl alcohol, is used, an electrode and a charge collector exfoliate easily. Since 
heat-resistant temperature is around 120 **, after a drying process is impossible at an 
elevated temperature and joining a charge collector to an electrode, it is fully hard to 
remove the residual moisture which is sticking to activated carbon, and the residual 
moisture electrolyzes and there is a problem of the performance of an organic solvent 
system electric double layer capacitor deteriorating. Inorganic system binders of heat 
resistance, such as water glass, are [ the bonding strength of the electrode of a high thing 
and a metal charge collector ] insufficient, and there is a problem from which the 
performance degradation of an electric double layer capacitor arises with elution and 
residual water of an alkali component. 

EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, highly [ the heat-resistant 
temperature of the electroconductive glue which intervenes between an electrode sheet 
and a charge collector ], since adhesive strength is firm, an electric double layer capacitor 
with little performance degradation by a charging and discharging cycle can be provided. 

TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention]This invention can solve the problem in the 
above-mentioned conventional technology, the moisture in an electrode can be lessened 
extremely, and the bonding strength of an electrode and a charge collector is strong, and 
aims at providing an electric double layer capacitor to which performance degradation 
cannot get up easily due to a charging and discharging cycle, and a manufacturing 
method for the same. 

MEANS 



[Means for Solving the Problem] In an electric double layer capacitor which has organic 
electrolysis liquid which forms an electric double layer in an interface of an electrode 
body by which this invention joins an electrode which makes a carbon material a subject 



to a charge collector via a conductive glue line, and said electrode body, Said conductive 
glue line provides an electric double layer capacitor consisting of a hardened material of 
suspension which contains an addition condensation type imido group content compound 
as a binder component, and a manufacturing method for the same. 

[0009]As an addition condensation type imido group content compound in this invention, 

a reactant of polymaleimide expressed with the formula 1, polymaleimide expressed with 

the formula 1, and diamine, a reactant with a JISHIANETO compound expressed with 

polymaleimide expressed with the formula 1 and the formula 2, etc. are preferred. These 

compounds are excellent in the adhesion characteristic, and by making it heat-harden, 

addition condensation of them is carried out and they serve as resin excellent in balance 

of heat resistance and a mechanical strength, and corrosion resistance. 

[0010] 

[Formula 3] 
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[001 1] (However, X and Y are a hydrogen atom or a univalent organic group 
independently, respectively, R 1 is an organic group of with a carbon numbers of two or 
more m value, and m is an integer of 2- 1 0.) 
[0012] 
[Formula 4] 

N**C-0-Ph-R 2 -Ph-0-C**N ... Formula 2[00 13] (However, -Ph- is a phenylene group and 
R 2 expresses a single bond, S, O, CH 2 , SO2, or C(CH 3 ) 2 .) 

[0014]In the polymaleimide expressed with the formula 1, if the example of an organic 
group expressed with -R 1 - is given, -Ph-, -Ph-CH 2 -Ph-, -Ph-O-Ph-, -Ph-S0 2 -Ph-, etc. will 
be mentioned. However, in this specification, -Ph- shows a phenylene group. 
[00 15] Although X and Y are a hydrogen atom or a univalent organic group 
independently, respectively, the smaller one of the molecular weight is preferred at the 
point that crosslinking reaction advances easily, and it is preferred that X and Y are 
especially hydrogen atoms. In this invention, X or Y cannot use the polymaleimide which 
consists of halogen. For example, when X or Y is a chlorine atom, hydrogen chloride 
may occur and an electrode may be corroded, m is an integer of 2<=m<=10. 
[00 16] The following compounds will be mentioned if the example of polymaleimide 
expressed with the formula 1 is given. N,N'-ethylene bismaleimide, N,N'-hexamethylene 
bismaleimide, N,N'-(l,3-phenylene) bismaleimide, N,N'-[l,3-(2-methylphenylene)] 
bismaleimide, N,N'-(l,4-phenylene) bismaleimide, bis(4-maleimide phenyl)methane, 
Bis(3-methyl-4-maleimide phenyl)methane, bis(4-maleimide phenyl)ether, A bis(4- 
maleimide phenyl) sulf one, a bis(4-maleimide phenyl) sulfide, bis(4-maleimide 
phenyl)ketone, bis(4-maleimide cyclohexyl)mefhane. 

[0017]l,4-bis(4-maleimide phenyl)cyclohexane, l,4-bis(maleimide methyl)cyclohexane, 
l,4-bis(maleimide methyl)benzene, l,3-bis(4-maleimide phenoxy)benzene, l,3-bis(3- 
maleimide phenoxy)benzene. 

[0018]Bis[4-(3-maleimide phenoxy) phenyl] methane, bis[4-(4-maleimide phenoxy) 
phenyl] methane, 1, 1 -bis [4-(3-maleimide phenoxy) phenyl] ethane, l,l-bis[4-(4- 
maleimide phenoxy) phenyl] ethane, l,2-bis[4-(3-maleimide phenoxy) phenyl] ethane, 



l,2-bis[4-(4-maleimide phenoxy) phenyl] ethane, 2,2-bis[4-(3-maleimide phenoxy) 
phenyl] propane, 2,2-bis [4- (4-maleimide phenoxy) phenyl] propane, 2,2-bis[4-(3- 
maleimide phenoxy) phenyl] butane, 2,2-bis[4-(4-maleimide phenoxy) phenyl] butane, 
2,2-screw [4-(3-maleimide phenoxy) phenyl]-l,l,l,3,3,3-hexafluoropropane, 2,2-screw 
[4- (4-maleimide phenoxy) phenyl] -1,1,1,3,3,3-hexafluoropropane. 
[0019]4,4'-bis(3-maleimide phenoxy)biphenyl, 4,4'-bis(4-maleimide phenoxy)biphenyl, 
Bis[4-(3-maleimide phenoxy) phenyl] ketone, bis[4-(4-maleimide phenoxy) phenyl] 
ketone, A bis[4-(3-maleimide phenoxy) phenyl] sulfide, a bis [4- (4-maleimide phenoxy) 
phenyl] sulfide, A bis[4-(3-maleimide phenoxy) phenyl] sulfoxide, a bis[4-(4-maleimide 
phenoxy) phenyl] sulfoxide, a bis[4-(3-maleimide phenoxy) phenyl] sulfone, a bis[4-(4- 
maleimide phenoxy) phenyl] sulfone. 

[0020]Bis[4-(3-maleimide phenoxy) phenyl] ether, bis [4- (4-maleimide phenoxy) phenyl] 
ether, l,4-bis[4-(4-maleimide phenoxy)-alpha and alpha-dimethylbenzyl] benzene, 1,3- 
bis [4- (4-maleimide phenoxy)-alpha and alpha-dimethylbenzyl] benzene, l,4-bis[4-(3- 
maleimide phenoxy) -alpha and alpha-dimethylbenzyl] benzene, l,3-bis[4-(3-maleimide 
phenoxy)-alpha and alpha-dimethylbenzyl] benzene, l,4-bis[4-(4-maleimide phenoxy)- 
3,5-dimethyl- alpha and alpha-dimethylbenzyl] benzene, l,3-bis[4-(4-maleimide 
phenoxy)-3,5-dimethyl- alpha and alpha-dimethylbenzyl] benzene, l,4-bis[4-(3- 
maleimide phenoxy)-3,5-dimethyl- alpha and alpha-dimethylbenzyl] benzene, a 1,3- 
screw [4-(3-maleimide phenoxy)-3,5-dimethyl- alpha and alpha-dimethylbenzyl]. 
[0021]A compound expressed with the formula 3 can also be used. This polymaleimide 
compound is a polymaleimide compound produced by making carry out condensation 
and dehydration under an acid catalyst in polyamine and a maleic anhydride which are 
resultants with aniline, formaldehyde or alpha, and alpha'-dichloro-p-xylene. 
Polymaleimide illustrated above may be independent, or two or more sorts may be mixed 
and used for it. 
[0022] 
[Formula 5] 
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[0023] (However Z being a methylene group or p-xylylene group 0< r<=8.) 

[0024] The diamine made to react to the polymaleimide expressed with the formula 1 in 

this invention will not be limited especially if it is polymaleimide and diamine in which a 

reaction is possible. The following compound will be mentioned if a concrete example is 

given. 

[0025]Diefhylenetriamine, triethylenetetramine, tetraethylenepentamine, 
Hexamethylenediamine, N-aminoethyl piperazine, a l,4-bis(aminopropyl)piperazine, 
Trimefhyl hexamethylenediamine, a meta-phenylenediamine, a p phenylenediamine, 4,4'- 
diaminodiphenylmethane, 4,4'-diaminodiphenylpropane, 4,4'-diaminodiphenylethane, 
4,4'-diaminodiphenyl sulfone, 3,3'-diaminodiphenyl sulfone, Para (4- 
aminophenoxy) benzene, Metha- bis(4-aminophenoxy)benzene, 4,4'-diaminodiphenyl 
ether, A 4,4'-diamino diphenyl sulfide, 1,5-diaminonaphthalene, a 3,4'- 
diaminobenzanilide, 3,4'-diaminodiphenyl ether, 3,3'-dimethoxybenzidine, meta-xylylene 



diamine, PARAKI silylenediamine. These diamine may be independent, or two or more 
sorts may be mixed and it may be used. 

[0026] In this invention, a compound obtained by the reaction of the following [ reactant / 

of polymaleimide and diamine which are expressed with the formula 1 ] for example, is 

mentioned. 

[0027] 
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[0028]Although JISHIANETO made to react to the polymaleimide expressed with the 
formula 1 in this invention is expressed with the formula 2, the following compound is 
mentioned as the example. 
[0029] 
[Formula 7] 

N**C-0-Ph-C(CH 3 ) 2 -Ph-0-C**N ... Formula 5 N**C-0-Ph-CH 2 -Ph-0-C**N ... 
Formula 6[0030]The compound obtained, for example by the following reaction as a 
reactant with the JISHIANETO compound expressed with the polymaleimide expressed 
with the formula 1 in this invention and the formula 2 is mentioned. 
[0031] 
[Formula 8] 
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[0032]The electroconductive glue for joining the electrode and charge collector in this 
invention is suspension which contains an above-mentioned addition condensation type 
imido group content compound as a binder component, and conductive powder is 
contained in order to give conductivity. Although there is a thing of a metal system and a 



nonmetallic system as conductive powder, since the powder of a metal system may make 
a local cell, it is preferred to use nonmetal system conductive powder. Since electric 
corrosion resistance is needed for conductive powder, especially use of carbon system 
materials, such as carbon black and black lead, is preferred. 

[0033]In order to improve wettability with resin used as a binder, and dispersibility, 
conductive powder may mix finishing agents, such as about 1% of the weight of fatty 
acid, and various silane coupling agents, to this powder, and may perform a surface 
treatment. In addition, additive agents, such as a leveling agent and a dispersing agent, 
may be added. 

[0034] As for the rate of the addition condensation type imido group content compound 
contained in a conductive glue line, in this invention, it is preferred that it is 10 to 70 % 
of the weight to the total amount of conductive powder and an addition condensation type 
imido group content compound. At less than 10 % of the weight, since the intensity of a 
glue line falls, and conductivity will fall rapidly if a good adhesive property is not 
acquired but it exceeds 70 % of the weight, it is not desirable. 20 to 60 % of the weight is 
especially preferred. 

[0035]In an electric double layer capacitor of this invention, since the heat resistance of a 
hardened material of an addition condensation type imido group content compound 
which is a binder component of a conductive glue line is high, also after joining a charge 
collector to an electrode, the dry removal of the moisture in activated carbon can be 
highly carried out by heating under an elevated temperature, or heat-treatment under 
decompression. The above-mentioned hardened material has the tolerance over organic 
electrolysis liquid, and adhesive strength to charge collectors, such as metal etc. of an 
electrode sheet which uses fluorine-containing resin as a binder, is also extremely 
excellent. For this reason, even if it repeats a charging and discharging cycle with large 
current density and impresses voltage over a long period of time, the operation 
performance is stable, and an increase in internal resistance of an electrode can also be 
made small. 

[0036]In order to join an electrode to a charge collector using electroconductive glue, an 
addition condensation type imido group content compound comes to hand as powder or a 
varnish, dissolves in a solvent, and uses as adhesives suspension which made this 
distribute carbon black and graphite particles highly as a conductive filler. Coating of 
these adhesives is carried out on the surface of a charge collector, they carry and stick by 
pressure an electrode sheet subsequently to this surface produced separately, and can join 
an electrode to a charge collector firmly by carrying out stoving under decompression 
further under a not less than 200 ** elevated temperature preferably. 
[0037]As the above-mentioned solvent, an addition condensation type imido group 
content compound can be dissolved, especially if it evaporates at a process which carries 
out stoving, it will not be limited, but various solvents can be used. Specifically N- 
methyl-2-pyrrolidone, dimethylformamide, Acetone, methyl ethyl ketone, a 
tetrahydrofuran, xylene, chloroform, toluene, dimethyl sulfoxide, cyclohexane, 
acetonitrile, dioxane, wood ether, etc. may be mentioned, these solvents may be 
independent, or two or more sorts may be mixed and they may be used. 
[0038]Since intensity can also do capacity highly greatly as specific surface areas are 

2 2 

700-2500m7g, especially 1000-2000m7g, a carbon material of an electrode of an electric 
double layer capacitor of this invention is preferred. Although activated carbon, carbon 



black, poly acene, etc. are mentioned as a carbon material, it is preferred to use especially 
activated carbon powder, and it is still more desirable when high conductivity carbon 
black is used adding as a conducting material. In this case, as for a conducting material, it 
is preferred to be contained five to 20% of the weight in an electrode. 
[0039]Although an anode and a negative electrode constitute an electric double layer 
capacitor using the above-mentioned electrode, either an anode or a negative electrode 
may be used as the above-mentioned electrode, and a chargeable and dischargeable 
nonpolarizable electrode material, i.e., active material material for rechargeable batteries, 
may usually be used for another electrode as the main ingredients. 
[0040] It is preferred that fluorine-containing resin is contained in an electrode in this 
invention as a binder. Since a small quantity also gives intensity to an electrode and 
cannot check the conductivity of an electrode easily by having heat resistance and 
chemical resistance and making them fibrose, especially polytetrafluoroethylene is 
preferred. As for intensity of an electrode, and a viewpoint of conductive balance to a 
binder, it is preferred to be contained five to 20% of the weight in an electrode. 
[0041] The charge collector which electrically connects the above-mentioned electrode 
should just be a material which is excellent in conductivity and is electrochemically 
durable, Carbon system materials, such as conductive rubber containing the precious 
metals, such as valve metals, such as aluminum, titanium, and tantalum, stainless steel, 
gold, and platinum, black lead, glassy carbon, and carbon black, etc. can use it preferably. 
Since it was lightweight, and it excelled in conductivity and is electrochemically stable 
especially, aluminum is preferred. 

[0042] As for an electrode, it is preferred to be joined to a charge collector via 
electroconductive glue, after fabricating to a sheet shaped, and as a manufacturing 
method of an electrode, after it kneads a mixture of activated carbon powder, carbon 
black, fluorine-containing resin, and fluid lubrication material, for example, it is rolled, 
and it is fabricated to a sheet shaped. Beforehand, an obtained sheet like electrode carries 
electroconductive glue on a field which carried out coating, sticks it to a charge collector 
by pressure, and preferably, under a not less than 200 ** elevated temperature, by 
carrying out stoving under decompression still more preferably, electroconductive glue 
hardens it and it can join an electrode to a charge collector firmly. For a productivity 
drive of an electrode body, it is still more preferred to carry out reduced pressure drying 
at 250-400**. 

[0043]An electrode makes a solution which dissolved fluorine-containing resin in a 
solvent distribute a carbon material, may carry out coating of a slurry, and nothing and 
this slurry to a charge collector, and may form them. It is preferred to carry out coating of 
the slurry on a field which carried out coating of the electroconductive glue to a charge 
collector beforehand, and to carry out stoving under a not less than 200 ** elevated 
temperature, especially decompression also in this case. 

[0044] Organic electrolysis liquid in particular used for an electric double layer capacitor 
of this invention is not limited, but can use organic electrolysis liquid which contains 
salts of ionic dissociation nature in a publicly known organic solvent, inside — 
R'R 2 R 3 rV and R'R 2 R 3 rV (R 1 .) To R 2 , R 3 , R 4 , and ********** independence, the 4th 
class onium cations, such as an alkyl group of the carbon numbers 1-6, It is preferred to 
use organic electrolysis liquid made to dissolve a salt which consists of anions, such as 
BF4 " , PF6 " , CIO4 ~ , and CF3SO3 " , in an organic solvent. 



[0045]As the above-mentioned organic solvent, lactone, such as carbonate, such as 
propylene carbonate, butylene carbonate, and diethyl carbonate, and gamma-butyllactone, 
sulfolane, or these mixed solvents can use it preferably. 
[0046]It is preferred to use a ****** electrolysis solution. 

EXAMPLE 



[Example] Hereafter, although an example (Examples 1-5) and a comparative example 
(Example 6) explain this invention further, this invention is not limited to these. 
[0048]The coconut obtained by the steam activation method 80 % of the weight of 
************ (mean-particle-diameter [ of 10 micrometers ], and specific surface area 
1800m 2 /g), Ethanol was added and kneaded into the mixture which consists of 10 % of 
the weight of PTFE, and 10 % of the weight of carbon black, kneaded material was 
fabricated to the sheet shaped, and it acted as roll pressure Nobu to 0.3 mm in thickness 
further. The electrode sheet of 40 mm squares was cut out from this sheet, coating of the 
electroconductive glue shown in the surface of the charge collector which consists of 
aluminium foil (0.1 mm in thickness) which performed the etching process below was 
carried out, and it was stuck to this surface by pressure, it heated under decompression 
for 3 hours, and the drying process was carried out. Move to the glove box filled with 
argon gas after desiccation, and an electrode is enough impregnated with the propylene 
carbonate solution which contains 1 mol/1. of tetraethylammonium tetrafluoroborate as 
organic electrolysis liquid, Inter-electrode [ of two sheets ] was made to counter on both 
sides of the separator paper which consists of a nonwoven fabric of a polypropylene 
fiber, and the electric double layer capacitor was assembled. 

[0049] After measuring the early service capacity and internal resistance of an electric 
double layer capacitor which were obtained, the service capacity and internal resistance 
after a 3000 cycle repetition and 3000 cycles were measured for the charge and discharge 
by the constant current of 1A between 0-2. 8V in a 40 ** thermostat. By comparing the 
performance change before and behind a charging and discharging cycle, the long-term 
working reliability of the electric double layer capacitor was evaluated accelarative. A 
result is shown in Table 1 . 

[0050] [Electroconductive glue (1)] Bismaleimide and bisphenol A JISHIANETO made 
the acetone solution 25g which contains bismaleimide triazine resin (Mitsubishi Gas 
Chemical Co., Inc. make and trade name:BT2170) which is the main ingredients 20% of 
the weight distribute the graphite particles 5g, and made this electroconductive glue (1). 
[0051] [electroconductive glue (2)] — instead of [ of BT2170 ] — bis(4-maleimide 
phenyl)methane (the Mitsui Toatsu Chemicals, Inc. make.) Trade name: 
Electroconductive glue (2) as well as electroconductive glue (1) was prepared except 
having used [ BMI-S ] dimethylformamide for 4.5 g and 4,4'-diaminodiphenylmethane 
(the Mitsui Toatsu Chemicals, Inc. make, trade name:MDA-220) instead of 0.5 g and 
acetone. 

[0052] [Electroconductive glue (3)] Electroconductive glue (3) as well as 
electroconductive glue (1) was prepared except having used conductive-carbon-black 
powder instead of graphite particles. 

[0053] [Electroconductive glue (4)] Methyl ethyl ketone was used instead of acetone, and 
electroconductive glue (4) as well as electroconductive glue (1) was prepared except 



having made concentration of BT2170 into 40 % of the weight. 

[0054][electroconductive glue (5)] — the polyamino bismaleimide resin (made in Rolle 
Poulain.) a maleic anhydride and whose 4,4'-diaminodiphenylmethane are the main 
ingredients instead of BT2170 Trade name: Electroconductive glue (5) as well as 
electroconductive glue (3) was prepared except having used KERUIMIDO 601. 
[0055] [Electroconductive glue (6)] Electroconductive glue (6) as well as 
electroconductive glue (1) was prepared except having used polyvinyl alcohol (Japanese 
synthetic-chemistry company make, a trade name: Gosenol) instead of BT2170. 
[0056]Temperature which carries out reduced pressure drying in order to join an 
electrode sheet and a charge collector was carried out as in Table 1 in consideration of the 
heat-resistant temperature of the binder of the adhesives to be used. 
[0057] 
[Table 1] 
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